Background and Aim: There is no consensus over the relationship between lipid profiles and atherosclerosis risk factors with lumbar disc degeneration. This study aims to investigate the lipid profile and some risk factors of cardiovascular diseases in patients undergoing surgery for lumbar disc degeneration.
Introduction
umbar Disc Degenerative diseases (LDD) are among the most important causes of low back pain, and various environmental and genetic factors are involved in their development [1] [2] [3] . The incidence and severity of degenerative Disc Diseases (DD) are associated with increasing age [4] . In the past, the heavy physical load was accounted for the most important cause of these diseases, while recent studies emphasize on a variety of factors [1, 5] . In addition to physical and job activities, weight-induced pressure and abdominal obesity involved in lumbar disc degeneration [6, 7] , a direct relationship between lipid profile and risk factors for atherosclerosis and Cardiovascular Diseases (CVD), with DD and Low Back Pain (LBP) has been shown in epidemiological and clinical studies, especially in recent years [7] [8] [9] . Importantly, the increasing prevalence of obesity, inactivity, and dyslipidemia -as the risk factors for CVDare currently considered [9, 10] .
In Kauppila review study on atherosclerosis and DD/ LBP, the results of post-exposure studies have shown the relationship between lipid deposit lesions in the aorta and DD, as well as obstruction of the lumbar arteries and LBP. Clinical studies reveal the relationship between the calcification of aorta, LBP, and lumbar arteries stenosis with LBP and DD. Epidemiological studies have also suggested a stronger association between high levels of serum cholesterol, DD and LBP. Consequently, aortic atherosclerosis and stenosis of the spinal feeding arteries are associated with DD and LBP. According to this review study, cardiovascular risk factors have shown a weak relationship with DD and LBP, as it is only evident in cohort studies on the elderly or very large samples. More prospective clinical studies are required to further clarify the relationship between atherosclerosis and lower back disorders [9] .
In an observational study by Hangai et al. on 270 adolescents aged 51-86 years participating in a health promotion program, the relationship between DD and Body Mass Index (BMI), Low-Density Lipoprotein (LDL), Triglyceride (TG), smoking, and some multiple factors associated with atherosclerosis were evaluated with a confidence interval of 95%. The study results indicated the association of high BMI and high levels of LDL with DD which increases the likelihood of the association of cardiovascular risk factors with lumbar disc degenera-
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Highlights
• 60.8% of subjects had comorbid diseases.
• Hyperlipidemia and hypertension were the most reported comorbid diseases.
• The mean LDL and triglyceride levels were higher than normal and the mean total cholesterol was reported at borderline.
• 79.2% of patients did not report a history of smoking.
• Majority of the patients had BMI and abdominal circumference higher than normal and suboptimal physical activity.
Plain Language Summary
Lumbar Disc Degenerative diseases (LDD) are among the most important causes of lower back pain. Various environmental and genetic factors are involved in their development. In addition to physical activities, weight-induced pressure and abdominal obesity involved in lumbar disc degeneration, a direct relationship has been found between lipid profile and cardiovascular risk factors with disc degeneration and low back pain, especially in recent years. The current study was conducted with the aim of examining lipid profile, weight, BMI, smoking, physical activity and the history of some comorbid diseases as risk factors of cardiovascular diseases in patients undergoing surgery for lumbar disc degeneration. Based on the current study results, more than half of the subjects had comorbid diseases, mostly hyperlipidemia, and hypertension. The majority of subjects had BMI and abdominal circumference higher than normal and suboptimal physical activity but no report of smoking history. Inferential findings indicate a significant relationship between dyslipidemia and various types of lumbar disk degenerative diseases. tion [7] . In a case-control study by Longo et al, regarding the serum lipid and disc herniation levels, two groups were included: A. 169 patients undergoing surgery for symptomatic disc herniation; and B. 169 patients undergoing a meniscus tear surgery. Their study showed significant higher concentrations of triglycerides and cholesterol in group A patients [8] .
One of the main causes of disc degeneration seems to be poor nutritional supply to disc cells. Providing nutrients and disposing waste for large discs relies on nearby blood vessels. Disc central cells in an adult are approximately 8 mm away from the nearest blood supply [11, 12] . High levels of cholesterol and serum triglyceride as the risk factors for atherosclerosis are responsible for a decrease in the blood supply to the already poor vascularized intervertebral discs. Inadequate nutrition contributes to DD and it shows the relationship between the intervertebral disc diseases and the increased risk of dying from ischemic heart diseases [8] . In addition, several metabolic diseases can lead to disc degeneration through interfering with the normal biochemistry of the matrix structure, or adding new materials to the disc. For example, the patients with diabetes mellitus (a risk factor in the cardiovascular diseases) experience a significant decrease in hexosamine content of the disc core, an increase in hydroxyproline, and an enhancement in the activity of enzymes involved in the metabolism of carbohydrates. Moreover, disc proteoglycan synthesis changes through the varied sulfate content [11] .
Obesity and overweight, in addition to the direct effect of increased load on lumbar spine [13, 14] , and the role of biochemical and metabolic changes induced by lipids in the development of disc degeneration [10] , are known to be effective in the incidence of lumbar vertebral diseases, as risk factors for vascular diseases such as elevated cholesterol, atherosclerosis, diabetes, and metabolic syndrome due to reduction of nutrients transported into the disc. It has also been introduced as a factor in decreasing physical activity indirectly [8, 15] . Sport activities have always been known as a significant factor in the prevention of chronic diseases, especially cardiovascular diseases [16] . Furthermore, lack of proper physical activity plays an important role in development of DD [15] ; weight loss due to exercise, improvement of blood flow, lipid profile, and some blood biochemical factors along with other well-known mechanisms are the main reasons in this regard [8, 10] .
Smoking habit also affects the incidence of LDD and increases the risk of hospitalization in affected patients [1, 17] . Obesity and tobacco are considered as potential risk factors for degenerative intervertebral disc diseases [8] . Kauppila review article (2009) reports a strong association between DD and LBP with smoking [9] . In the study by Jones et al. on 282 individuals older than 60, smoking at the time of examination had an effect on the development and severity of spinal osteophytes, with intermediate values for past smokers [1] . In the Finnish cohort study by Takatalo et al. on 558 young people with the mean age of 21 years, continuous smoking for at least 4 years was associated with DD among males [17] .
In a part of a cohort study on 263529 Swedish construction workers participating in the National Program on Occupational Safety and Health from 1971 to 1992, smoking along with other factors such as overweight, was known to be effective in hospitalization [18] . Cigarette smoking, as shown in the laboratory studies on nucleolus cells isolated from cows, directly inhibits the proliferation of the disc cells and the synthesis of the extracellular matrix through nicotine. The result of the experiment on laboratory rats which were previously affected by smoking also indicates changes in collagen genes, and tissue changes leading to degeneration [11] . Smoking as one of the negative factors affecting the lipid profile, especially lowering HDL cholesterol, is also known to be a risk factor of cardiovascular diseases [4] .
Given the high prevalence and cost, disability and absence from work due to lumbar diseases [19] , the prevalence of low back pain among children and adolescents is increasing as well as adults [20] . Because there is not a suitable animal model due to significant anatomical differences between humans and laboratory animals [12] and some diagnostic methods used in human samples are expensive and dangerous [19] , also considering the inadequate clinical studies and the inconsistency of their results [1, 21] , carrying out clinical studies on available samples seems to be essential.
The current study was conducted with the aim of examining lipid profile, weight, BMI, smoking, physical activity and the history of some comorbid diseases as risk factors of cardiovascular diseases in patients undergoing surgery for lumbar disc degeneration.
Methods & Materials/Patients
The present study was a correlational cross-sectional study conducted on all adult patients (130 patients aged 20-77 years) who were admitted to Poursina teaching hospital in Rasht City, Iran from July to December 2017, in order to undergo a surgery because of their LDD. The ethical code of the study is IR.IAU.RASHT.REC.1395.50 and the initial stages of receiving the clinical trial code, have also been taken.
In order to carry out the study, after receiving the approval for the clinical research from the Poursina Hospital, the study objectives were described for the patients. After obtaining their written consent, their personal data and information about their current diseases, comorbidities and smoking history were extracted from their medical records, and the data deficiencies were completed through the face-to-face questionnaires (without the patient attendance if necessary).
In this study, in addition to subjects' lipid profile, other factors such as weight, BMI, smoking habit, physical activity level, history of comorbid diseases, including diabetes, high blood pressure, abnormal blood lipid, and history of cardiovascular diseases as other cardiovascular risk factors were investigated.
In order to investigate the patients' lipid profile, the test request was registered in the patients' medical records by the center's nutritionist and diet therapist, informing the relevant physician. The blood samples were taken after the patients' fasting for 12 hours, then the results of blood tests were evaluated by the laboratory of the hospital. The kits used in the laboratory were French Bionik laboratory kits, including Direct HDL and LDL kits, Enzymatic Cholesterol kit (CHOD-POD), and Triglyceride kit (GPO-POD) with a sensitivity of 1 mg/dL. The normal ranges for lipid profile based on the above kits are presented in Table 1 .
The patients' abdominal circumference, height, and weight were measured by the researcher, with a tape measure and the German Beurer digital scale. The BMI was calculated by dividing of weight in kilograms over height in meters squared. The individuals' activity level was measured by the Rapid Assessment of Physical Activity (RAPA) standard questionnaire. The findings were analyzed in SPSS 16 by performing the Chi-square and Fisher's exact tests to examine the relationship between qualitative and ranking variables. The significance level was set at P≤0.05.
Results
73% of subjects had experienced the symptoms of disc degenerative disease for more than one year, and 61% were hospitalized with the diagnosis of disc herniation. The Mean±SD age of the patients was 48.17±12.28 years, with no significant differences between males and females. The number of men was 1.8 times the women.
Lipid profile
In the study of fasting lipid profile of the patients, 87.7% had dyslipidemia (at least one of the indicators was abnormal). The levels of total cholesterol, LDL, and triglyceride were more than normal in 46.2%, 68.5%, and 46.2% of the subjects, respectively, and the level of HDL-cholesterol was less than normal in 44.6% of the patients. Among the components of patients' lipid profile, the Mean±SD LDL-cholesterol with the level of 127.4±44.63 mg/dL, and triglycerides with 16.73±7.17 mg/dL were reported as more than normal, and the Mean±SD total cholesterol level of 99.6±51.1 mg/dL was at the top of normal range (Table 2 ).
Blood serums of 4 patients were reported latescent by the laboratory because of the high level of triglyceride (more than 400 mg/dL), and the highest reported triglyceride level was 949 mg/dL (about 6 times than the normal maximum in males).
Based on the inferential findings of this study, different components of lipid profile did not show any significant relationship with three groups of lumbar disc degenerations (disc herniation, spondylolisthesis, and spinal stenosis) in adult candidates for surgery. In this regard, there was no statistically significant relationship between total cholesterol (P=0.143), LDL (P=0.386), HDL (P=0.73), and triglyceride (P=0.205) with different kinds of lumbar degenerative diseases. However, this association was significant in the presence of dyslipidemia (at least one abnormal lipid indicator) ( Table 3) .
According to the Chi-square test results, there is a statistically significant relationship between the presence of dyslipidemia in three groups of patients suffering from various types of lumbar degenerative diseases (P=0.018) (Figure 1 ).
Other cardiovascular risk factors
74.6% of the subjects had a BMI greater than 25, and 37.7% more than 30. The Mean±SD subjects' BMI was . Abnormal abdominal circumference was seen in 89.3% of women and 76.1% of men, and Mean±SD abdominal circumference in the subjects was 104.73±16.57 cm. In this study, the difference between mean abdominal circumference in men and women was statistically significant (P=0.011).
According to the RAPA standard questionnaire score, 88.5% of the subjects had a suboptimal physical activity, and only 11.5% had an optimal physical activity based on their self-report. Also, 79.2% of the subjects did not report any history of smoking in the past or present (Table 4) .
A total of 79 subjects (60.8%) had comorbid diseases (Table 5) . A total of 107 comorbid diseases was observed in the subjects that high blood lipids (32.7%) and hypertension (30.8%) were the most common diseases. Inferential findings in the present study indicated a significant relationship between BMI and different types 
Discussion
In the study of fasting lipid profile of patients, a high percentage of them had dyslipidemia. The mean LDL and triglyceride levels in patients were higher than normal, and mean total cholesterol was at the top of normal range. The majority of the patients had BMI and abdominal circumference above normal and reported suboptimal physical activity; although smoking was not reported in most of them. Many epidemiological and clinical studies have shown a direct relationship between lipid profile, risk factors for atherosclerosis, and cardiovascular diseases with DD and LBP [9, 22] . Dyslipidemia, comorbid diseases, and obesity, as risk factors for cardiovascular diseases, were also observed in our study patients.
Lipid profile
Kauppila review article (2009), has shown an association between lumbar arteries obstruction and stenosis as spinal feeding arteries, and aortic atherosclerosis with DD and LBP, and suggests a strong association between high serum cholesterol levels with DD and LBP. In Kauppila's study, cardiovascular risk factors have weaker associations with DD and LBP, as this association has only been seen in cohorts on the elderly or in large study samples [9] .
Given that none of the factors of aortic atherosclerosis and lumbar arteries stenosis have been investigated in this study, it is not feasible to draw a conclusion in this regard, and the presence of dyslipidemia in this study as one of the risk factors for cardiovascular diseases is consistent with the results of the review article by Kauppila. In addition, the mean serum cholesterol levels in patients in this study were at the highest level and this is in line with the result of the study by Kauppila in this regard.
The results of Hangay et al. observational study on 270 adults indicate a relationship between high BMI value and high levels of LDL as the risk factors for cardiovascular diseases with Lumbar Disc Degeneration (LDD) [7] . It is also noteworthy that the risk of cardiovascular diseases is mentioned more associated with the serum LDL level than the total blood cholesterol according to some sources [23] .
Longo et al. study showed a relationship between serum lipid levels and symptomatic disc herniation on two groups of patients; A. Patients undergoing surgery for disc herniation; and B. Patients undergoing surgery for meniscal tear. Group A showed higher triglyceride and total cholesterol level than group B [8] .
In the present study, the mean triglyceride level was reported above the normal, and total cholesterol level was at the top of normal range. As noted, insufficient nutrient supply to intervertebral discs, due to poor blood supply resulted from high cholesterol and triglyceride serum levels (known as risk factors of atherosclerosis) has been considered a predisposing factor for DD [8] .
On the other hand, HDL as a good blood lipid helps eliminate bad cholesterol and prevent its accumulation in the arteries. This type of lipoprotein removes LDL from the blood and vascular walls, transports it to the liver, preserves the blood vessels safely and protects the heart. It is also used as an indicator to predict the risk factors for cardiovascular diseases [16, 23, 24] .
Other cardiovascular factors
The high values of BMI and abdominal circumference in our patients are in line with the results of some previ- [25] , and Hangai et al. [7] , about overweight and abdominal circumference in LDD patients. On the other hand, it disagrees with the results of some other studies like Jones et al. [1] , Vidman et al. [21] , and Daneshjoo and colleagues [26] .
In addition to loading mechanical pressure on lumbar vertebra [13, 14] , overweight and obesity are effective in degenerative disc diseases, through biochemical changes [10] , effects on lipid profile, vascular and metabolic diseases [8, 10] , and other known mechanisms. The results of the present study on the lack of physical activity in the subjects under study are in line with the results of the studies by Hengei et al. [7] , Daneshjoo and colleagues [26] , and disagrees with the results of the studies by Stephen et al. [27] and Takatalo et al. [17] about sport exercises and DD. The results of some studies suggest that regular and continuous physical activity reduces the risk of cardiovascular diseases more effectively compared to sport exercise [8, 27] .
Regarding smoking as another risk factor for cardiovascular diseases, the results of the present study is inconsistent with some of the previous ones, including the studies by Kauppila [9] , Takatalo et al. [17] , and Jones et al. [1] which all referred to smoking in patients with degenerative disc diseases. It seems that the difference between the range of the subject's age in the present and previous studies and the lower number of samples could have had an impact on the results of this research. In addition, smoking seems to be more prevalent in the community, and patients' lack of integrity in reporting can be another reason for this discrepancy in results.
In Wahlstorm et al. study, the smoking factor along with other factors such as weight is known to be effective in hospitalization of the patients [18] . The results of the present study are also inconsistent with the result of Wahlstrom study, because in addition to the above mentioned cases, the majority of participants in the present study, in contrast to the construction workers participating in the study by Wahlstorm et al. were women, and smoking in women is significantly less than men, especially in the Iranian community.
In a demographic study conducted by Stephen Pye et al. to investigate the effects of lifestyle factors on DD, no significant effect of smoking was observed on peoples' LDD radiographic features [27] . A study by Liuke et al. on 129 middle-aged men showed no significant relationship between smoking and the prevalence of DD [6] .
The result of the present study is consistent with the results of the two previously mentioned studies.
As it was mentioned, smoking in addition to its direct effect on the proliferation of disc cells and the synthesis of extracellular matrix [11] is effective in lumbar disc degeneration, through a negative effect on lipid profile and a decrease in HDL cholesterol [24] .
This study had some limitations. First, failure to record the PMH (Past Medical History) in patient's medical records resulting from available medical documentation and the relatives of the patients or their attendants, do not necessarily mean that they had no previous diseases. Also, recent controlled lipid profile of some patients, due to drug use, does not necessarily indicate the lack of lipid profile's effect on the incidence and severity of the disease in the long term in the past.
Based on our study results, we suggest that the lipid profile of the patients with lumbar disc degeneration diseases should be regularly examined and controlled. Moreover, in order to prevent lumbar disc degeneration, special attention should be paid to the weight control, abdominal obesity, blood lipid and pressure as risk factors of cardiovascular diseases. Also, doing regular exercises and quitting smoking are recommended.
It is also suggested that a similar study be carried out with a larger sample size with more different study populations. Another study can be conducted to monitor the patients' lipid profile for a long time in order to investigate its association with the lumbar disc degeneration. Considering the significant relationship observed between dyslipidemia and the type of lumbar degenerative diseases and the role of various types of blood lipids in lumbar degenerative diseases, further research is recommended.
Conclusion
The study showed dyslipidemia and some other risk factors of cardiovascular diseases including obesity and inactivity in LDD patients. More research is needed to assess other atherosclerosis risk factors and types of lipids.
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